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Abstract 
In order to satisfy the actual need of simulation experiment of intrinsically safe operation of tank for inert gas(this paper is selected as 
nitrogen), a small volume of nitrogen preparation system has been developed. Study on process of nitrogen preparation system was 
carried out, process of nitrogen preparation system was optimized, and according to the optimized process, a flow rate of 50 m3/h 
nitrogen preparation system has been developed. Through the trial experiment, production quantity and purity of the nitrogen preparation 
system has been verified. The nitrogen preparation system has a fast production speed and a high purity of nitrogen, each index of 
nitrogen satisfy the need of simulation experiment of intrinsically safe operation of tank. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
Technology. 
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1. Introduction 
Depot has the functions of oil adjustment of supply and demand, storage and distribution, which are realized through the 
oil tank. During the storage of oil, upper space of tank is filled with explosive fuel-air mixture, which brings a great deal of 
hidden Security hazards to the oil depot. In recent years, China's various types of serious accident with tank burning and 
explosion are not uncommon. E.g., In January 7, 2010, an explosion occurred in the 316 tank farm of LAN Zhou 
petrochemical company, which resulted in 11 tanks’ sequential serial deflagration with 6 people dead and 6 injured[1]. In 
such a context, "intrinsically safe” could be proposed[2-3]. 
Simulation experiment system of intrinsically safe operation of tank ensures the safe operation of oil tank by pouring the 
inert gas into the upper space of tank and inerting fuel-air mixture. To truly realize the intrinsically safe operation of tank, it 
must proceed from reducing the explosion limit of blasting gas which is related to the oxygen concentration in the gas 
mixture. Oxygen concentration in the combustible gas mixture is gradually reduced with the much more narrow explosion 
limit, when the oxygen concentration is reduced to a certain value, the explosive gas mixture will not explode[4-6].Inert gas 
protection is the most commonly used method to reduce oxygen concentration. Currently, the commonly used inert gases at 
home and abroad are mainly boiler flue gas, inert gas of fuel, carbon dioxide and nitrogen. The result of comparison of the 
four kinds of inert gas in the economic aspect, indicate preparation costs for the front three kinds of inert gases are high and 
that of nitrogen is most economical. In the petroleum industry, the most frequently used inert gas is nitrogen, i.e., the 
nitrogen protection[7-12]. Through a comprehensive comparison, this paper argues that nitrogen protection is the most 
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optimal choice for intrinsically safe operation of tank. In order to solve the problem of simulation experiment of intrinsically 
safe operation of tank with nitrogen, nitrogen preparation system was developed in this paper, and through the trial, whose 
production quantity and purity of nitrogen had been verified. 
2. Simulation experiment system of intrinsically safe operation of tank 
The working principle of simulation experiment system of intrinsically safe operation of tank are: (1) when the pressure 
within the high-pressure gas tank is low, pressure sensor1 puts a measured pressure signal back to the control system which 
controls nitrogen preparation system to supply nitrogen to the high-pressure gas tank; when the pressure within tank 
achieves the set pressure, pressure sensor 1 puts a pressure signal back to the control system again which makes nitrogen 
preparation system shutdown. (2) When pressure within the high-pressure gas tank is high, the safety valve is opened 
automatically and discharges overpressure gas. (3) When a positive pressure appears in the tank, the breathing valve is 
opened breath and simultaneously pressure sensor 2 puts a measured pressure signal back to the control system which 
controls compressor to work and transmits gases to the high-pressure gas tank; when the pressure within tank achieves the 
set pressure, pressure sensor 2 puts a pressure signal back to the control system again which makes compressor shutdown. 
(4) When a negative pressure appears in the tank, pressure sensor 2 puts a measured pressure signal back to the control 
system which controls the electromagnetic valve to act and transmits gases to the oil tank; when the pressure within tank 
achieves the set pressure, pressure sensor 2 puts a pressure signal back to the control system again which makes 
electromagnetic valve close. Below is the simulation experiment system of intrinsically safe operation of tank, see Fig.1.  
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Fig. 1. Simulation experiment system of intrinsically safe operation of tank. 
As shown in Fig. 1, simulation experiment system of intrinsically safe operation of tank is composed of the following 
parts, including nitrogen preparation system, high-pressure gas tank, electromagnetic valve, compressor, tank and control 
system, but this paper only conducts research on the nitrogen preparation system. 
3. Development of nitrogen preparation system  
3.1. Research of process of nitrogen preparation system 
Currently, there are mainly three methods for nitrogen preparation which are cryogenic air separation method, membrane 
separation method, and pressure swing adsorption (PSA) method based on carbon molecular sieve. Cryogenic air separation 
preparation method of nitrogen takes air as raw material, which is liquefied into the liquid air undergoing compression, 
purification and the heat exchange. Liquid air is a mixture of liquid oxygen and liquid nitrogen, which can be separated and 
purified after cryogenic liquefaction, due to a different in the boiling point between liquid oxygen and liquid nitrogen, and 
nitrogen and oxygen can be prepared in the same device. Its process is shown in Fig. 2. 
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Fig. 2. Cryogenic air separation preparation process of nitrogen. 
Membrane separation is another method of nitrogen production. Due to the different solubility and diffusion coefficient 
in the membrane, oxygen and nitrogen are separated under differential pressure across the membrane. Water vapor and 
oxygen pass through the membrane preferentially with a faster permeation rate and become oxygen-enriched gas, however 
nitrogen is retentated on the other side and become dry nitrogen-enriched gas because of the slower permeation rate. 
Membrane separation production system of nitrogen is composed of four parts, including compressed air system, air 
purification system, membrane separator and nitrogen purification system. Its process is shown in Fig. 3. 
compressed air system air purification system membrane separator nitrogen purification system
air nitrogen
Fig. 3. Membrane separation preparation process of nitrogen. 
Pressure swing adsorption production method based on carbon molecular sieve of nitrogen takes high quality carbon 
molecular sieve (CMS) as an adsorbent and is an advanced gas separation technology; high purity nitrogen will be prepared 
using principle of pressure swing adsorption under normal temperature. Due to the different diffusion rate on the molecular 
sieve surface, oxygen and nitrogen are separated respectively. smaller diameter of O2 molecules diffuse into the micro 
porous of carbon molecular sieve much more with a faster diffusion rate, and larger diameter of the N2 molecules diffuse 
into micro porous of carbon molecular sieve much less with a slower diffusion rate. Air can be separated using the selective 
adsorption of carbon molecular sieve for nitrogen and oxygen. When the compressed air flow into the carbon molecular 
sieve adsorption tower, using pressurized adsorption and vacuum desorption cycle to make compressed air alternately flow 
into the adsorption tower, so that high purity of product nitrogen will be continuously produced. Adsorption characteristics 
of carbon molecular sieve for O2 and N2 can be expressed intuitively using the equilibrium adsorption curve, see Fig. 4. 
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Fig. 4. Principle of pressure swing adsorption. 
Pressure swing adsorption on carbon molecular sieve preparation system of nitrogen consists of the following parts, 
including air compressor, compressed air purifying components, air storage tank, PSA oxygen and nitrogen separation 
system and nitrogen storage tank. 
3.2. Optimization of process of nitrogen preparation system 
The nitrogen preparation system developed in this paper is able to meet the need of simulation experiment system of 
499 LI Yinchang et al. /  Procedia Engineering  45 ( 2012 )  496 – 501 
intrinsically safe operation of tank with nitrogen, not only it possess a fast production rate with high purity, but also has the 
advantages of simple process , convenient operation and good economy as much as possible. 
The three kinds of nitrogen preparation process above have its own merits and demerits respectively. Nitrogen can be 
prepared by the traditional cryogenic air separation method. Although the separation quantity is large and the purity is high, 
it also has the following demerits, including complex process, a high demand for equipment installing. This method is the 
most economical for large-scale production of oxygen and nitrogen. however, it is suitable for medium and small capacity 
for the latter methods with the following characteristics, including simple process, simple operation. Considering the 
economic level, the operating costs of PSA preparation method based on carbon molecular sieve of nitrogen is much lower 
than that of membrane separation preparation method of nitrogen. this paper needs to develop a nitrogen preparation system 
for medium and small capacity. Through a comprehensive comparison, this paper argues that PSA preparation process 
based on carbon molecular sieve of nitrogen is the most optimal choice for nitrogen preparation system. The optimized 
process is shown in Fig. 5. 
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Fig. 5. PSA preparation process of nitrogen. 
The following is the working principle of PSA preparation method based on carbon molecular sieve of nitrogen. To 
obtain the clean compressed air, compressed air output by air compressor through the intake valve sequentially enters the 
air-water separator, freeze dryer, moisture absorption drier, fine filter and ultra-fine filter to filter water and oil, finally 
deeply filter oil through the active carbon. Clean compressed air enters the air storage tank through cut-off valve. Clean 
compressed air outflowing from the air storage tank through the throttle with open of the pipeline pneumatic valve 
alternately enters the adsorption tower A or B with a certain pressure and time interval, oxygen and nitrogen are separated. 
When an adsorption tower A or B is in the preparation process of gas intake and adsorption, another adsorption tower B or 
A is in the regeneration process of exhaust desorption, which makes the carbon molecular sieve regenerate. The two 
adsorption towers output nitrogen in the constantly alternating adsorption and desorption process. Nitrogen prepared by 
adsorption towers is first stored in a nitrogen buffer tank, which will be output when it is get rid of dust by the dust filter and 
adjusted to the set pressure by pressure regulating valve and the set flow rate by the throttle valve. Both air storage tank and 
nitrogen buffer tank are equipped with safety valve which will release overpressure of system to ensure the safety of 
equipment. 
Nitrogen preparation system mainly provides nitrogen protection to a 20 m3 simulation tank. Both inflow and outflow 
flow rate are identified as 60 m3/h. It needs 20 minutes calculated in the limit conditions to completely drain 20 m3 oil with 
a supplement of 20 m3 nitrogen simultaneously. Flow rate of nitrogen is determined as 50 m3/h in this paper which can 
provide 16.67 m3 nitrogen within 20 minutes. Obviously, a flow rate of 50 m3/h of nitrogen preparation system can fully 
meet the need of simulation experiment system of intrinsically safe operation of tank for nitrogen which comes with a 5 m3 
high-pressure gas tank itself. Nitrogen used as inert gas must be oxygen-free content. The purity of nitrogen prepared by 
nitrogen preparation system must be more than 99% since a purity of nitrogen above 99% is oxygen-free content. To 
improve the adsorption pressure can increase adsorption capacity of the carbon molecular sieve and improve the purity of 
nitrogen product, but also increases the energy consumption. The adsorption capacity varying with the increase of pressure 
will not be obvious when the pressure reaches a certain value, while the effect of dead space of bed layer will increase, 
which is not conducive to improving the purity of nitrogen. Considering both purity and energy consumption, the working 
pressure of adsorption towers is identified as below 0.8 MPa. Pure qualified nitrogen can be produced with 0.7 MPa oil-free 
dry compressed air at room temperature and simultaneously the exhaust temperature is limited to below 75  since air 
compressor is subjected to constraints of cooling conditions in exhaust process. 
500   LI Yinchang et al. /  Procedia Engineering  45 ( 2012 )  496 – 501 
4. Trial experimental results and analysis of nitrogen preparation  
A flow rate of 50 m3/h nitrogen preparation system was developed according to the optimal process of nitrogen 
preparation system. Both table 1 and table 2 are the trial records of the nitrogen preparation system, and the purity of 
nitrogen reached more than 99% after approximately 30 minutes from boot. Fig. 6 is the pressure changes of the two 
adsorption towers, obviously, all the pressure values are within the predefined range. 
Table 1. Trial record of the nitrogen preparation system 
Time In March 5 temperature /  15 
Booting time 
Production quantity /m3.h-1 
Purity of nitrogen /% 
14:52 
0 
— 
14:57 
49.5 
96.15 
15:01 
50 
95.58 
15:07 
50 
95.04 
15:14 
50 
96.70 
15:19 
50 
97.57 
15:24 
50 
98.42 
15:28 
50 
99.17 
Air 
compressor 
Supplying 
pressure/MPa 
0.05 0.75 0.82 0.76 0.81 0.88 0.73 0.89 
Exhaust 
temperature/  
9 64 75 74 75 74 75 74 
Working 
pressure/MPa 
Tower A  
Tower B 
0 
0 
0.65 
0 
0 
0.75 
0 
0.7 
0 
0.8 
0.7 
0.7 
0.7 
0.7 
0 
0.7 
 
Table 2. Trial record of the nitrogen preparation system 
Time In March 6 temperature /  15 
Booting time 
Production quantity /m3.h-1 
Purity of nitrogen /% 
20:20 
0 
— 
20:24 
49.5 
96.48 
20:26 
50 
96.05 
20:30 
50 
95.46 
20:33 
50 
96.70 
20:40 
50 
97.57 
20:45 
50 
98.42 
20:50 
50 
99.17 
Air 
compressor 
Supplying 
pressure/MPa 
0.05 0.75 0.85 0.89 0.81 0.88 0.73 0.89 
Exhaust 
temperature /  
9 64 75 74 75 74 75 74 
Working 
pressure/MPa 
Tower A  
Tower B 
0 
0 
0.65 
0 
0 
0.75 
0 
0 
0 
0 
0.7 
0 
0.7 
0 
0 
0.7 
 
The experimental data in table 1 and 2 show that there is a starting process of 4 to 5 minutes from boot to normal 
operation, and the nitrogen preparation system was operating normally whose indicators all meet the requirements of 
operation parameters during the nitrogen preparation. The experimental data in table 1 and 2 also show that the purity of 
nitrogen has a process of first decrease and then increase, because nitrogen prepared previously in nitrogen storage tank is 
not run out or drained which affects the preparation time of a purity of nitrogen above 99%. 
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Fig. 6. Pressure changes of the two adsorption towers in (a) March 5 and (b) March 6. 
Fig. 6. vividly demonstrates the pressure changes of the two adsorption towers, and all the working pressure of the two 
adsorption towers are below 0.8MPa. Fig.6 shows that there are a few moments when the working pressure of the two 
adsorption towers are 0.7MPa,which is the process of unequal potential and mean pressure, whose direct effect is nitrogen 
recovery rate increased and gas production rose and indirect effect is saving energy. 
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5. Conclusions  
In order to satisfy the actual need of simulation experiment of intrinsically safe operation of tank for nitrogen, a small 
volume of nitrogen preparation system has been developed. According to the optimized process, a flow rate of 50 m3/h 
nitrogen preparation system has been developed. Through the trial experiment, production quantity and purity of the 
nitrogen preparation system has been verified. Trial experimental results show that the nitrogen production system has a fast 
production speed and high purity of nitrogen which can satisfy the need of simulation experiment of intrinsically safe 
operation of tank.  
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